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• Rhizosphere microbes affect plant performance, including plant resistance against insect 24
herbivores; yet, the relative influence of rhizosphere microbes vs. plant genotype on 25 herbivory levels and on metabolites related to defense remains unclear. 26
• In Boechera stricta, we tested the effects of rhizosphere microbes and plant genotype on 27 herbivore resistance, the primary metabolome, and select secondary metabolites. 28
• Plant populations differed significantly in the concentrations of 6 glucosinolates (GLS), 29 secondary metabolites known to provide herbivore resistance in the Brassicaceae, and the 30 population with lower GLS levels experienced ~60% higher levels of aphid (Aphis spp.) 31 attack; no effect was observed of GLS on damage by a second herbivore, flea beetles 32 (Altica spp.). Rhizosphere microbiome (intact vs. disrupted) had no effect on plant GLS 33 concentrations. However, aphid number and flea beetle damage were respectively ~3-fold 34 and 7-fold higher among plants grown in the disrupted rhizosphere microbiome 35 treatment, and distinct (as estimated from 16s rRNA amplicon sequencing) intact native 36 microbiomes also differed in their effects on herbivore damage. These differences may be 37 attributable to shifts in primary metabolic pathways. 38
• The findings suggest that rhizosphere microbes can play a greater role than plant 39 genotype in defense against insect herbivores, and act through mechanisms independent 40 of plant genotype. and responses of the host plant metabolome to the microbiome are one mechanism hypothesized 60 to underlie differences in herbivory (Badri et al., 2013 (Table 1) . Further, population significantly influenced the concentration of 33 242 primary metabolites (Table S3 ) corresponding to three metabolic pathways, all of which were at 243 higher concentrations in Crow Creek plants ( Table 2) . 244
In contrast to plant population, rhizosphere microbiome status influenced the 245 concentration of only one of a total of nine glucosinolates, and for this one glucosinolate, the 246 concentration was higher in plants from the disrupted microbiome treatment ( Table 1) . 247 Additionally, microbiome status affected the concentrations of 22 metabolites and four metabolic 248 pathways (Table S3) . Metabolites in three of the four pathways were in higher concentrations in 249 the disrupted treatment, while metabolites in the pentose and glucoronate interconversion 250 pathway were in higher concentrations in the intact microbiome treatment ( Table 2) . 23 251 metabolites were significantly affected by interactions between microbiome status and 252 population (Table S3) . Further, one pathway, glyoxylate and dicarboxylate metabolism, was 253 significantly affected by both population and microbiome status, where metabolites were in 254 higher concentrations in Crow Creek plants and the disrupted treatment ( Table 2) . 255
Plant response to insect herbivores 257
Aphids 258
In the first experiment in fall 2015, plants from the Crow Creek population had ~3 (60%) more 259 aphids per plant than Road 234 plants ( Fig. 3a; Table 3 ). Further, in both aphid experiments, 260 microbiome status significantly influenced the number of aphids per plant (Table 3 ). In the first 261 experiment, plants in the disrupted microbiome treatment had ~9 (~225%) more aphids than 262 plants in the intact microbiome treatments on average (Fig. 3b) . Plants grown in the intact Road 263 234 microbiome had ~3 (113%) more aphids than those grown in the intact Crow Creek 264 microbiome. Likewise, in the second experiment, plants in the disrupted treatment had more than 265 330% more aphids (~3) than plants in the intact treatment (Fig. 3c) . Thus, the magnitude of the 266 rhizosphere microbiome effect was larger than that of plant genotype. 267
268

Flea beetles 269
We did not observe a significant effect of plant population on leaf or whole plant damage by flea 270 beetles ( Fig. S1; Table 3 ). Plants in the disrupted microbiome treatment experienced 271 significantly greater leaf and whole plant damage than plants in the intact treatment ( Fig. 4a, b ; 272 Table 3 ). For instance, plants in the disrupted treatment, on average, experienced ~700% more 273 leaf damage and more than 200% greater whole plant damage compared to plants in the intact 274 11 treatment (Fig. 4a, b) . The three intact microbiomes did not differ significantly in their effect on 275 flea beetle damage (Fig. 4a, b) . glucosinolate secondary metabolites and host plant defense against one herbivore. The three 300 primary metabolic pathways affected by population were all in higher concentrations among 301 plants from Crow Creek relative to Road 234 population, while 6 out of 9 measured GLS were 302 affected by population and the majority (5) of these were found at higher concentration in plants12 from the Road 234 population (Table 1, 2) . Despite the metabolomic differences between Road 304 234 and Crow Creek plants, we did not find significant differences in flea beetle damage 305 between populations (Fig. S1) . This result is consistent with previous studies of flea beetle-306 Boechera stricta interactions. In a study examining the distribution of natural B. stricta 307 populations, there was an inverse relationship between B. stricta occurrence and flea beetle 308 frequency despite natural variation in glucosinolate content between lines (Naithani et al., 2014) . 309 B. stricta's inability to adapt to flea beetles may be explained by flea beetles' ability to utilize 310 glucosinolates as a nutrient source (Beran et al., 2014) . By contrast, plants from the Road 234 311 population had significantly fewer aphids per plant than Crow Creek plants (Fig. 3a) Our microbial treatments differed significantly in the presence-absence and abundance of 323 bacterial taxa (Fig. 1) , and these microbiome differences contributed could have affected defense 324 by improving resource availability. Differential abundance analysis identified 36 bacterial genera 325 that differed in abundance between intact vs. disrupted microbiome treatments (Fig. 2) . 64 of the 326 84 bacterial taxa were in higher abundance in the rhizosphere of plants grown with an intact 327 microbiome and may explain performance differences between plants across treatments. For 328 instance, the genus nitrobacter was in higher abundance in the intact microbiome treatment than 329 the disrupted microbiome treatment. In soils, nitrobacter is known to convert nitrite ( 2018) and here specifically defense and several metabolites. As noted above, we found that the 340 differences in the rhizosphere microbiome led to much greater differences in defense than did 341 host plant population, and specifically plants grown in the disrupted microbiome treatment 342 experienced significantly higher aphid prevalence (Fig. 3bc) and flea beetle damage (Fig. 4) . 343
While there were no differences in GLS between microbiome treatments, plants grown in the 344 disrupted microbiome treatment had higher concentrations of primary metabolites in three 345 pathways, and plants grown in the intact microbiome treatments had higher concentrations of 346 metabolites in one pathway that may have altered defense (Table 2) (Table S3) . Metabolites in the 366 glyoxylate and dicarboxylate metabolism pathway were in higher concentrations in plants in the 367 disrupted treatment and among Crow Creek plants (Table 2) . Interestingly, both experienced 368 significantly higher rates of aphid prevalence than their counterparts. However, the role of 369 glyoxylate and dicarboxylate metabolism in plant defense is not clear. While more work needs to 370 be done to elucidate the role of this pathway in defense, the results suggest this is one case where 371 plant genotype acted in a manner parallel to rhizosphere microbiome with regard to the host 372 plant metabolome. 373
In sum, we observed that plant population and rhizosphere microbiome differentially affected the 374 plant metabolome and plant response to insect herbivory in complex field settings. Plant 375 genotype was associated with differences in glucosinolate levels as well as infestation by aphids, 376 consistent with the well-described effects of this secondary metabolite on damage (Schranz et 377 Plants grown in the disrupted microbiome treatment (n = 37) experienced significantly more leaf 639 damage than plants grown in the Crow Creek (n = 38), Road 234 (n = 39), and Webb Springs (n 640 =39) microbiome treatments (P < 0.001). b) Plants grown in the disrupted microbiome treatment 641 (n = 40) experienced significantly more whole plant damage than plants grown in the intact 642
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Crow Creek (n = 40), Road 234 (n = 40), and Webb Springs (n = 40) microbiome treatments (P < 643 0.001). 644
